The prevalence of colonization by Staphylococcus saprophyticus of the urogenital tracts of 276 women from an outpatient gynecology practice was determined by using selective and enrichment culture techniques. Nineteen subjects (6.9%) were found to be colonized by S. saprophyticus. The rectum was the most frequent site of colonization and was responsible for 40% of the isolates; this was followed in decreasing order by the urethra, urine, and cervix. 
Staphylococcus saprophyticus, a coagulase-negative staphylococcus, is an important uropathogen. Investigators in the United States and Europe have demonstrated that S. saprophyticus is second only to Escherichia coli as a causative agent of urinary tract infection (UTI) in young healthy women (1, 4, 6, 20) . S. saprophyticus causes up to 42% of UTIs in this population (20) . Infection with this organism frequently involves the upper urinary tract, as demonstrated by the antibody-coated bacteria test, and impaired renal concentrating capacity (6, 9) . Recurrence of infection is not unusual (2, 6) . Non-S. saprophyticus, novobiocin-resistant, coagulase-negative staphylococci have occasionally been implicated as causative agents of UTIs (8, 12, 15) . However, little is known about the prevalence or sites of colonization by these staphylococcal species.
Although it is accepted that UTI secondary to gramnegative enteric bacillus infection is preceded by periurethral colonization from a fecal reservoir (18) , the pathogenesis of S. saprophyticus UTI is less clear. Some investigators have been unable to isolate S. saprophyticus from mucosal sites or have recovered it in a small minority of patients (1, 10, 14, 17, 20) . Others have stated that colonization of the periurethral membranes correlates well with infection (4, 6) . Several studies have suggested a causal role for sexual intercourse (3, 4) , which has been disputed by others (1) . In addition, a seasonal variation in the occurrence of S. saprophyticus UTI has been noted but remains unexplained (20) . Therefore (21) was used to determine whether there was an overall association between the quantitative variables and colonization by S. saprophyticus. Because of the large range of values for variables such as age, last menstrual period, and last sexual intercourse, the nonparametric Wilcoxon test (21) was used to determine whether there was a significant difference between the colonized and noncolonized subjects. To further assess the degree of association, the odds ratio (OR) and its 95% confidence interval (95% CI) were calculated in 2-by-2 tables (21).
RESULTS
Colonization. A total of 257 women were studied during the 12-month study period. Nineteen women (6.9%) whose urogenital tracts were colonized by S. saprophyticus and 21 women (7.6%) whose urogenital tracts were colonized by non-S. saprophyticus, novobiocin-resistant, coagulase-negative staphylococci were identified. Three women (1%) were found to be experiencing symptomatic infections caused by S. saprophyticus. One woman had a UTI, while two women had urethritis (urinary frequency with positive urethral cultures for S. saprophyticus and negative urine cultures). A total of 235 noncolonized, noninfected women were identified and served as the control group.
Use of both selective and enrichment techniques allowed for the maximum recovery of S. saprophyticus. The enrichment technique resulted in the recovery of 38% of isolates that would have been missed if only selective medium had been used. Likewise, 35% of the isolates were recovered only on the selective medium.
The rectum was the most frequent site of colonization, where 12 of 30 (40%) of the isolates were found; this was followed in decreasing order by the urethra, 9 of 30 (30%); urine, 6 of 30 (20%); and cervix, 3 of 30 (10%). Only three subjects were colonized at more than one anatomic site. 6 .687). The proportions of subjects experiencing the other nine concurrent diagnoses were quite similar. The three most common diagnoses, excluding a normal examination, consisted of human papillomavirus infection, cervical dysplasia, and vaginal candidiasis. The data for these three diagnoses are given in Table 1 ; the data for the other diagnoses are not shown.
Progression to symptomatic UTI and persistence of colonization. All patients identified as being colonized by S. saprophyticus were followed for the development of acute UTI. The average follow-up period was 6.75 months (range, 5 to 9 months), resulting in 128.25 patient-months. None of the colonized women developed a symptomatic UTI. Samples from 4 of the 19 women colonized by S. saprophyticus were recultured up to four times during the 12-month study period. None of the women received antibiotics. Two became culture negative, while two remained persistently positive. All three of the acutely infected women were followed, and samples from the women were recultured. None of the women received antibiotics. Two became culture negative and one remained culture positive for samples from the rectal site. All became asymptomatic.
Seasonal variation. A marked seasonal variation was observed in the colonization of women with S. saprophyticus (Fig. 1) . Approximately two-thirds of the colonized subjects were identified during the months of August and September. Because of logistical problems, only two women were enrolled during July; thus, the study was extended for an additional month to include August.
Non-S. saprophyticus novobiocin-resistant, coagulase-negative staphylococci. A total of 21 women who were colonized by non-S. saprophyticus, novobiocin-resistant, coagulasenegative staphylococci were identified. The species identified and the number of women colonized were as follows: S. kloosii (n = 8), 5 . cohnii (n = 12), and S. xylosus (n = 1). Table 2 summarizes the comparison between women colonized by non-S. saprophyticus, novobiocin-resistant, coagulase-negative staphylococci and the control group. The two groups were evenly matched with regard to demographic variables. Interestingly, there appeared to be an inverse Further study of these factors in relation to S. saprophyticus colonization and UTI seems warranted.
The study population was slightly older in this survey (overall median age, 29 years; 25% quartile, 25 years; 75% quartile, 36 years) than were the college-aged women studied in previous surveys from the United States (4, 6) , and this may explain the low incidence of S. saprophyticus UTI and colonization in our study compared with those in the previous studies. However, Wallmark et al. (20) found that among 787 Scandinavian women outpatients with UTIs of all causes ranging in age from childhood to 65 years, women in the age group from 26 to 35 years experienced 26% of the UTIs caused by S. saprophyticus and S. saprophyticus caused 34% of the total number of UTIs in women in this age group. In contrast, we observed only one patient with an acute UTI caused by S. saprophyticus, and in the cohort of women who were colonized by this organism, who are presumably at high risk for the development of symptomatic UTI, none developed a UTI. The disparity between our observations and those in the Scandinavian study may indicate differences in the host population or pathogen. A geographic or racial difference in the prevalence of colonization and UTI may exist, or alternatively, there may be differences in the regulation or expression of virulence determinants by S. saprophyticus from these distinct geographic regions. Also, a selection bias in our study cannot be excluded because of the association of the outpatient practice with an inner-city university hospital. This may explain the relatively high percentage of patients with recent or concurrent diagnoses of human papillomavirus infection, cervical dysplasia, and vaginal candidiasis.
The seasonal predilection for S. saprophyticus UTI during the summer and fall that has been previously noted can be extended to include colonization. Approximately two-thirds of the colonized patients were identified during the months of August and September. The reason for this seasonal variation remains obscure.
The rectum was the most frequent site of colonization. This observation favors the theory that the pathogenesis of S. saprophyticus UTI is similar to that of UTIs caused by gram-negative enteric organisms. Namely, the bowel serves as a reservoir from which urogenital colonization occurs, which precedes development of symptomatic UTI. However, colonization does not invariably proceed to infection. In fact, in our study population, colonization of the urogenital tract was not observed to be followed by symptomatic UTI over the ensuing 6 months.
Low numbers of S. saprophyticus recovered from the urine (102 to 103 CFU/ml) do not necessarily indicate infection. Six women with low numbers of S. saprophyticus in their urine were identified. None had urogenital symptoms, and none developed an acute UTI during the period of observation. Some investigators (2, 20) have espoused the treatment of all patients in whom small numbers of S. saprophyticus have been recovered from the urine because of this organism's proven ability to cause symptomatic infection when recovered at numbers as low as 103 CFU/ml. However, this recommendation may result in some patients being subjected to unnecessary, costly, and potentially toxic antibiotic therapy, since some patients with S. saprophyticus in their urine exhibit no symptoms, do not develop symptomatic UTI, and spontaneously clear their urine of this organism. Our results would support the treatment only of symptomatic women or those with persistent bacteriuria.
Clinical microbiology laboratories routinely classify all coagulase-negative staphylococci that are novobiocin resistant as S. saprophyticus (11) . A uropathogenic role for non-S. saprophyticus, novobiocin-resistant, coagulase-negative staphylococci has not been demonstrated. Results of our study demonstrate that small numbers of non-S. saprophyticus, novobiocin-resistant, coagulase-negative staphylococci may be recovered from the urine and genital tracts of some patients even though they do not exhibit symptoms of UTI. We found that the number of these patients is equal to or greater than the number of patients colonized by S. saprophyticus. In order to avoid unnecessary treatment of these patients, our results support more frequent determination to the species level of the coagulase-negative staphylococci recovered from the urinary tract.
In conclusion, a small percentage of healthy women are colonized by S. saprophyticus. These colonized women are significantly more likely to have experienced a recent UTI.
In addition, they tend to have had more recent menstruation, sexual intercourse, and vaginal candidiasis than did noncolonized women. The colonized women rarely progress to the development of symptomatic UTIs. A pathogenic role for non-S. saprophyticus, novobiocin-resistant, coagulase-negative staphylococci remains unproven.
